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DESCRIPTION 

DATA TRANSMISSION METHOD AND DATA RECEPTION METHOD 

5 TECHNICAL FIELD 

[0001] The present invention relates to a data transmission 
method of transmitting a plurality of data sequences from a 
plurality of transmission antennas using MIMO-OFDM, and a data 
reception method of receiving a plurality of data sequences with 

10 a plurality of reception antennas . More particularly , the present 
invention relates to a data transmission method and a data reception 
method capable of improving the precision of estimation of an 
inverse propagation coefficient function and suppressing a 
degradation in characteristics even in the presence of frequency 

15 errors varying among transfer paths. 

BACKGROUND ART 

[0002] In recent years, as a transfer method for use in 
broad-band mobile communications, MIMO-OFDM (Multi Input Multi 

20 Output Orthogonal Frequency Division Multiplexing) has attracted 
attention. Hereinafter, MIMO-OFDM will be described. 
[0003] For mobile communications, such as wireless LAN and the 

like, OFDM, which is a type of multi-carrier transfer, has been 
used as a modulation technique which is resistant to frequency 

25 selective fading occurring in the multi-path environment. With 
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the aim of improving the efficiency of use of frequency, a technique 
of performing multiplex communication between a transmitter and 
a receiver via a plurality of paths obtained by space division, 
where a plurality of transmission antennas and a plurality of 
5 reception antennas are used to construct MIMO channels (the 
technique is hereinafter referred to as MIMO) has been proposed. 
In MIMO, the number of channels can be increased by the number 
of transmission antennas. 

[0004] A combination of OFDM, which is robust with respect to 

10 multi-path, and MIMO, which improves the efficiency of use of 
frequency, is MIMO-OFDM. A conventional transfer apparatus to 
which MIMO-OFDM is applied (hereinafter referred to as a 
conventional transfer apparatus) is disclosed in, for example, 
Japanese Patent Laid-Open Publication No. 2003-60604. FIG. 18 

15 is a block diagram illustrating an exemplary structure of the 
conventional transfer apparatus. In FIG. 18, the conventional 
transfer apparatus is a transfer apparatus in which the number 
of transmission antennas is two and the number of reception antennas 
is two (i.e., a 2x2 MIMO-OFDM transfer apparatus). 

20 [0005] In FIG. 18, the conventional transfer apparatus is 

composed of a transmission apparatus and a reception apparatus. 
The transmission apparatus comprises a preamble generating section 
901, data demodulating sections 902 and 903, multiplexers 904 and 
90 5 , orthogonal modulation sections 90 6 and 907 , a local oscillator 

25 908, and transmission antennas TX1 and TX2 . The reception 
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apparatus comprises reception antennas RX1 and RX2, a local 
oscillator 909, orthogonal demodulation sections 910 and 911, 
frequency error estimating sections 912 and 913 , an averaging 
section 914, frequency correcting sections 915 and 916, an inverse 
5 propagation function estimating section 917 , and data demodulating 
sections 918 and 919. 

[0006] In the transmission apparatus, the preamble generating 

section 901 generates a synchronization preamble Ssync and a 
propagation coefficient estimation preamble Sref. The data 

10 modulating section 902 subjects data to be transmitted from the 
transmission antenna TX1 (hereinafter referred to as a data 
sequence 1) to OFDM modulation to output a data symbol sequence 
1. The data modulating section 903 subjects to data to be 
transmitted from the transmission antenna TX2 (hereinafter 

15 referred to as a data sequence 2) to OFDM modulation to output 
a data symbol sequence 2. 

[0007] The multiplexer 904 subjects the data symbol sequence 
1, the synchronization preamble Ssync, and the propagation 
coefficient estimation preamble Sref to time divisionmultiplexing 

20 to generate a transfer frame 1. The multiplexer 905 subjects the 
data symbol sequence 2, the synchronization preamble Ssync, and 
the propagation coefficient estimation preamble Sref to time 
division multiplexing to generate a transfer frame 2. FIG. 19 
is a diagram illustrating an exemplary transfer frame used in the 

25 conventional transfer apparatus . In FIG. 19, in the transfer frame , 



the synchronization preamble Ssync and the propagation coefficient 
estimation preamble Sref are inserted before the data symbol 
sequence . 

[0008] The transfer frame 1 is converted into a radio signal 
5 by the orthogonal modulation section 906 and the local oscillator 
908. The transfer frame 2 is converted into a radio signal by 
the orthogonal modulation section 907 and the local oscillator 
908. The transfer frame 1 and the transfer frame 2 which have 
been converted into radio signals are simultaneously transmitted 
10 from the transmission antenna TX1 and the transmission antenna 
TX2 . 

[0009] Radio signals transmitted by a plurality of transmission 
antennas TXi are received via different paths by a plurality of 
reception antennas RXj . Note that i represents a transmission 

15 antenna number, and j represents a reception antenna number . Here, 
when a transfer path between the transmission antenna TXi and the 
reception antenna RXi is represented by p(i, j), in the case of 
2x2 MIMO the conventional transfer apparatus has four transfer 
paths p(l, 1), p(l, 2), p(2, 1) , and p(2, 2). When a propagation 

20 coefficient possessed by the transfer path p (i, j ) is represented 
byh(i, j) and a transmitted signal transmitted by the transmission 
antenna TXi is represented by Ti, a received signal Rj received 
by the reception antenna RXj can be represented by expressions 
(1) and (2) . 

25 Rl = h(l, 1)T1 + h(2, 1)T2 • • • (1) 



R2 = h(l, 2)T1 + h(2, 2)T2 - • • (2) 
[0010] In the reception apparatus, the received signal Rl is 
converted into a frequency band which is optimal to a 
subsequent-stage process, by the local oscillator 909 and the 
5 orthogonal demodulation section 910. The frequency error 
estimating section 912 estimates a frequency error (hereinafter 
referred to as a frequency error 1 ) contained in the received signal 
Rl based on the synchronization preamble Ssync. Similarly, the 
received signal R2 is converted into a frequency band which is 

10 optimal to a subsequent-stage process, by the local oscillator 
909 and the orthogonal demodulation section 911. The frequency 
error estimating section 913 estimates a frequency error 
(hereinafter referred to as a frequency error 2) contained in the 
received signal R2 based on the synchronization preamble Ssync. 

15 The frequency error 1 and the frequency error 2 are averaged by 
the averaging section 914. 

[0011] The frequency correcting section 915 corrects a 
frequency of the received signal Rl based on the frequency error 
averaged by the averaging section 914. The frequency correcting 

20 section 916 corrects a frequency of the received signal R2 based 
on the frequency error averaged by the averaging section 914 . The 
received signals Rl and R2 whose frequencies have been corrected 
are input to the inverse propagation function estimating section 
917. The inverse propagation function estimating section 917 

25 estimates an inverse function for the propagation coefficient h (i, 



j ) based on the propagation coefficient estimation preambles Sref 
contained in the received signal Rl and the received signal R2, 
and based on the estimated inverse function, separates the 
multiplexed transmitted signals Tl and T2 . The data demodulating 
5 section 918 subjects the separated transmitted signal Tl to OFDM 
demodulation to output the data sequence 1. Similarly, the data 
demodulating section 919 subjects the separated transmitted signal 
T2 to OFDM demodulation to output the data sequence 2. 

10 DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0012] However, in the conventional transfer apparatus, a 
frequency error is estimated based on the same synchronization 
preambles Ssync transmitted from a plurality of transmission 

15 antennas. Therefore, a frequency error can be estimated for each 
reception antenna, but a frequency error cannot be estimated for 
each transfer path . A frequency error varies among transfer paths , 
since there is no correlation between propagation coefficients, 
there are different Doppler frequency shifts due to multi-path 

20 fading, or the like. Therefore, in the conventional transfer 
apparatus, frequency errors occurring in transfer paths are added 
together by space multiplexing, so that the precision of estimation 
and equalization of an inverse propagation coefficient function 
is reduced, resulting in a degradation in characteristics. 

25 [0013] Therefore, an object of the present invention is to 



provide a data transmission method and a data reception method 
for a transmission apparatus of transmitting a plurality of data 
sequences from a plurality of transmission antennas using MIMO-OFDM 
and a reception apparatus receiving a plurality of data sequences 
5 via a plurality of reception antennas, the methods being capable 
of improving the precision of estimation of an inverse propagation 
coefficient function even when there is a frequency error varying 
among transfer paths, thereby suppressing a degradation in 
characteristics . 

10 

SOLUTION TO THE PROBLEMS 

[0014 ] The present invention is directed to a data transmission 
method for a transmission apparatus of transmitting a plurality 
of data sequences from a plurality of transmission antennas to 

15 a plurality of reception antennas using MIMO-OFDM. To achieve 
the above-described object, the data transmission method of the 
present invention comprises the steps of dividing a synchronization 
symbol in which predetermined amplitudes and phases are assigned 
to a plurality of subcarriers which are spaced at predetermined 

20 frequency intervals and are orthogonal to each other, into the 
plurality of transmission antennas, to generate a plurality of 
synchronization subsymbols, and converting the plurality of 
synchronization subsymbols into radio signals , and simultaneously 
transmitting the radio signals from the plurality of transmission 

25 antennas. 



[0015] Preferably, the data transmission method further 
comprises modulating a plurality of pieces of transmission data 
to be transmitted from the plurality of transmission antennas into 
a plurality of data symbol sequences, and generating propagation 
5 coefficient estimation symbols orthogonal between each of the 
transmission antennas as symbols for estimating inverse functions 
of propagation coefficients possessed by a plurality of transfer 
path between the transmission antennas and the reception antennas . 
The converting and transmitting step includes multiplexing the 

10 data symbol sequence, the synchronization subsymbol, and the 
propagation coefficient estimation symbol into a transfer frame 
for each of the plurality of transmission antennas, and converting 
the transfer frame multiplexed for each of the plurality of 
transmission antennas into a radio signal . 

15 [0016] The step of modulating into the data symbol sequence 
includes generating a data carrier by applying an amplitude and 
a phase based on the transmission data to a predetermined one of 
the plurality of subcarriers, generating a pilot carrier by 
assigning a known phase and amplitude to a subcarrier other than 

20 the data carrier, and orthogonally multiplexing the data carrier 
and the pilot carrier into a plurality of data symbols, and 
outputting the plurality of orthogonally multiplexed data symbols 
as the data symbol sequence. 

[0017] In the step of generating the pilot carrier, a known 
25 phase and amplitude are assigned as the pilot carrier to only one 
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of data symbols to be simultaneously transmitted from the plurality 
of transmission antennas, and an amplitude of 0 is assigned as 
the pilot carrier to the other data symbols to be simultaneously 
transmitted. 

5 [0018] In the converting and transmitting step, in order to 
achieve synchronization between the plurality of transmission 
antennas, a single transmission local oscillator common to the 
transmission antennas or a plurality of transmission local 
different among the transmission antennas, are used. 

10 [0019] The present invention is also directed to a data 
reception method for a reception apparatus of receiving a plurality 
of data sequences transmitted from a plurality of transmission 
antennas using MIMO-OFDM, via a plurality of reception antennas. 
The data reception method of the present invention comprises the 

15 steps of receiving the plurality of data sequences for each of 
the reception antennas, synchronizing and demodulating the data 
sequences received by the plurality of reception antennas for each 
of the reception antennas, and estimating characteristics 
possessed by a plurality of transfer paths between the transmission 

20 antennas and the reception antennas, for each of the transfer paths, 
based on the received signal demodulated for each of the reception 
antennas and the synchronization subsymbol included in the received 
signal. Note that the plurality of data sequences include 
synchronization subsymbols generated by dividing a 

25 synchronization symbol composed of a plurality of subcarriers 



orthogonal to each other into the plurality of transmission 
antennas . 

[0020] Preferably, the step of estimating the characteristics 
for each of the transfer paths includes estimating a frequency 
error occurring in each of the transfer paths from a correlation 
between the received signal demodulated for each of the reception 
antennas and the synchronization subsymbol included in the received 
signal. The data reception method further includes, after the 
step of estimating the characteristics for each of the transfer 
paths, correcting a frequency of the received signal based on the 
estimated frequency error. 

[0021] The step of correcting the frequency of the received 
signal includes calculating a frequency correction value for 
correcting the received signal, for each of the reception antennas, 
by weighted-averaging the estimated frequency error occurring in 
each of the transfer paths, and correcting the frequency of the 
received signal based on the calculated frequency correction value 
for each of the reception antennas, and outputting the received 
signal having the corrected frequency. 

[0022] In the step of estimating the frequency error, a received 

symbol timing can be generated based on a weighted average of peak 
timings of correlation values between the received signal and the 
synchronization subsymbol included in the received signal. 

[0023] Preferably, the received signal includes propagation 
coefficient estimation symbols orthogonal to each other between 
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each of the transmission antennas as symbols for estimating inverse 
functions of propagation coefficients possessed by the plurality 
of transfer paths between the transmission antennas and the 
reception antennas. In this case, the data reception method 
5 further includes, after the step of correcting the frequency of 
the received signal, estimating the inverse function of the 
propagation coefficient for each of the plurality of transfer paths 
based on the propagation coefficient estimation symbol included 
in the received signal having the corrected frequency, and based 
10 on the estimated inverse function, separating signals transmitted 
from the plurality of transmission antennas from the plurality 
of received signals. 

[ 0024 ] The data reception method may further comprise, between 
the synchronizing and demodulating step and the step of calculating 

15 the characteristics for each of the transfer paths, estimating 
a frequency error included in the demodulated received signal for 
each of the reception antennas, based on a correlation between 
the received signal demodulated by the synchronizing and 
demodulating step for each of the reception antennas, and the 

20 synchronization symbol synthesized from the synchronization 
subsymbol included in the received signal, calculating an average 
frequency error with respect to the plurality of received signals 
by weighted-averaging the estimated frequency errors, and a second 
correcting step of correcting the frequencies of the plurality 

25 of received signals based on the calculated average frequency 
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correction value. 

[0025] The receiving step may include receiving the signals 
transmitted from the plurality of transmission antennas using 
reception antennas the number of which is larger than the number 
5 of the plurality of data sequences, determining reception levels 
of the signals received by the larger number of reception antennas, 
and selecting or combining the signals receivedby the larger number 
of reception antennas, depending on the determined reception 
levels . 

10 [0026] In the synchronizing and demodulating step, in order 

to achieve synchronization between the plurality of reception 
antennas, a single reception local oscillator common to the 
reception antennas or a plurality of reception local different 
among the reception antennas, are used 

15 [0027] The step of estimating the characteristics for each of 

the transfer paths may include estimating rough frequency 
characteristics for each of the transfer paths by interpolation 
of phases and amplitudes of the plurality of subcarriers included 
in the received signal, based on the synchronization subsymbol 

20 included in the received signal demodulated for each of the 
reception antennas . The data reception method further comprises, 
after the step of estimating the characteristics for each of the 
transfer paths, estimating inverse functions of propagation 
coefficients possessed by the plurality of transfer paths based 

25 on the estimated rough frequency characteristics of each of the 
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transfer paths , and separating signals transmitted by the plurality 
of transmission antennas from the plurality of received signal 
based on the estimated inverse functions. 

[0028] The present invention is also directed to a data 
5 transmission apparatus of transmitting a plurality of data 
sequences from a plurality of transmission antennas to a plurality 
of reception antennas using MIMO-OFDM. To achieve the 
above-described object, the transmission apparatus of the present 
invention comprises a plurality of synchronization subsymbol 

10 generating sections, a plurality of modulation sections, and a 
plurality of transmission antennas. The plurality of 

synchronization subsymbol generating sections divide a 
synchronization symbol in which predetermined amplitudes and 
phases are assigned to a plurality of subcarriers spaced at 

15 predetermined frequency intervals, into the plurality of 
transmission antennas, to generate a plurality of synchronization 
subsymbols which are orthogonal between each of the plurality of 
transmission antennas. The plurality of modulation sections 
modulate the plurality of synchronization subsymbols for the 

20 respective transmission antennas. The plurality of transmission 
antennas simultaneously transmit signals modulated by the 
plurality of modulation sections. 

[0029] The present invention is also directed to a reception 
apparatus of receiving a plurality of data sequences transmitted 
25 from a plurality of transmission antennas using MIMO-OFDM, via 
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a plurality of reception antennas . To achieve the above-described 
object, the reception apparatus of the present invention comprises 
a plurality of reception antennas, a plurality of demodulation 
sections, a plurality of synchronization subsymbol correlation 
5 sections, and a plurality of frequency correcting sections. The 
plurality of reception antennas receive the plurality of data 
sequences. The plurality of demodulation sections synchronize 
and demodulate the data sequences received by the plurality of 
reception antennas for each of the reception antennas. The 

10 plurality of synchronization subsymbol correlation sections 
estimate a frequency error included in a received signal 
demodulated for each of the reception antenna from a correlation 
between the received signal and the synchronization subsymbol 
included in the received signal, for each transfer path. The 

15 plurality of frequency correcting sections correct a frequency 
of the received signal based on the estimated frequency error for 
each of the plurality of reception antennas. Note that the 
plurality of data sequences include synchronization subsymbols 
generated by dividing a synchronization symbol composed of a 

20 plurality of subcarriers orthogonal to each other for each of the 
plurality of transmission antennas. 

EFFECT OF THE INVENTION 

[0030] As described above, according to the present invention, 
25 in the transmission apparatus, a synchronization symbol in which 
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predetermined amplitudes and phases are assigned to a plurality 
of subcarriers spaced at predetermined frequency intervals are 
divided into a plurality of transmission antennas, thereby making 
it possible to simultaneously transmit a plurality of 
5 synchronization subsymbols which are orthogonal to each other, 
from a plurality of transmission antennas. In the reception 
apparatus, by calculating a correlation between a synchronization 
subsymbol included in a received signal and the received signal, 
it is possible to estimate a carrier frequency error and a 

10 propagation delay occurring in each transfer path. Thereby, the 
transfer apparatus weighted-averages these estimated errors for 
each reception antenna to correct a received signal, thereby 
improving the precision of estimation of an inverse propagation 
coefficient function . 

15 [0031] In the reception apparatus, an average frequency error 
with respect to a plurality of reception antennas can be estimated 
by calculation of a correlation between a received signal and a 
synchronization symbol Ssync which are received by each reception 
antenna. Thereby, the transfer apparatus can cancel a frequency 

20 error between transmission and reception local oscillators, 
thereby making it possible to more correctly perform 
subsequent- stage synchronization subsymbol correlation 
calculation . 

[0032] In the reception apparatus, it is possible to use a 

25 synchronization subsymbol to roughly estimate the frequency 
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characteristics of each transfer path in advance. Thereby, the 
transfer apparatus can improve the precision of estimation of an 
inverse propagation coefficient function. 

[ 00 33 ] In the reception apparatus, even when the reception level 
5 of a specific subcarrier decreases in the frequency selective 
fading environment , the correlation of a synchronization subsymbol 
can be correctly calculated by the reception diversity effect 
caused by selection or combination of a plurality of reception 
antennas. Thereby, the transfer apparatus can more correctly 
10 correct a carrier frequency error in each transfer path, thereby 
improving the precision of estimation of an inverse propagation 
coefficient function . 

[0034] In the transmission apparatus, a pilot carrier can be 

generated in a data symbol by the data modulating section assigning 

15 a known phase and amplitude to a predetermined subcarrier. In 
addition, in the reception apparatus, even when a residual error 
is present in frequency estimation using a synchronization symbol, 
a pilot carrier of a data symbol is used to estimate a residual 
error for each transfer path and correct a propagation coefficient, 

20 thereby making it possible to improve the precision of estimation 
of an inverse propagation coefficient function. In addition, in 
the transfer apparatus, even when the reception level of a specific 
subcarrier decreases in the frequency selective fading environment, 
the probability that the reception level of a pilot carrier 

25 decreases can be reduced by successively assigning a pilot carrier 
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to all subcarriers. In addition, by the above-described pilot 
subcarrier assignment method, the precision of interpolation of 
a propagation path estimation value for each subcarrier can be 
caused to be uniform. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] [FIG. 1] FIG. 1 is a block diagram illustrating an 

exemplary structure of a transfer apparatus according to a first 
embodiment of the present invention. 
10 [FIG. 2] FIG. 2 is a diagram for explaining synchronization 

subsymbols Stxl and Stx2 . 

[FIG. 3] FIG. 3 is a diagram illustrating exemplary transfer 

frames 

[FIG. 4] FIG. 4 is a diagram illustrating exemplary transfer 
15 frames generated by multiplexers 106 and 107. 

[FIG. 5] FIG. 5 is a block diagram illustrating an exemplary 
structure of a transfer apparatus which employs local oscillators 
which are different among transmission antennas. 

[FIG. 6] FIG. 6 is a diagram for explaining detailed 
20 operations of synchronization subsymbol correlation sections 114 
and 115. 

[FIG. 7] FIG. 7 is a block diagram illustrating an exemplary 
structure of a reception apparatus according to a second embodiment 
of the present invention. 
25 [FIG. 8] FIG. 8 is a diagram illustrating an exemplary 
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transfer frame in which a synchronization symbol Ssync is inserted . 

[FIG. 9] FIG. 9 is a block diagram illustrating an exemplary 
structure of a transfer apparatus according to a third embodiment 
of the present invention. 
5 [FIG. 10] FIG. 10 is a diagram for explaining operations 

of propagation coefficient rough estimation sections 301 to 304. 

[FIG. 11] FIG . 11 is a block diagram illustrating an 
exemplary structure of a reception apparatus according to a fourth 
embodiment of the present invention. 
10 [FIG. 12] FIG. 12 is a block diagram illustrating an 

exemplary structure of a reception apparatus which collectively 
comprises reception antennas the number of which is larger than 
the number of reception systems. 

[FIG. 13] FIG. 13 is a block diagram illustrating an 
15 exemplary structure of a transfer apparatus according to a fifth 
embodiment of the present invention. 

[FIG. 14] FIG. 14 is a block diagram illustrating exemplary 
structures of data modulating sections 502 and 504 of the fifth 
embodiment of the present invention. 
20 [FIG. 15] FIG. 15 is a block diagram illustrating an 

exemplary structure of an inverse propagation function estimating 
section 522 of the fifth embodiment of the present invention. 

[FIG. 16] FIG. 16 is a diagram illustrating exemplary data 
symbol sequences generated by data modulating sections 502 and 
25 504. 
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[FIG. 17] FIG. 17 is a diagram schematically illustrating 
time axis-vs-frequency axis arrangements of pilot carriers. 

[FIG. 18] FIG. 18 is a block diagram illustrating an 
exemplary structure of a conventional transfer apparatus. 
5 [FIG. 19] FIG. 19 is a diagram illustrating an exemplary 

transfer frame used in a conventional transfer apparatus. 

DESCRIPTION OF THE REFERENCE CHARACTERS 

[0036] TX1, TX2 transmission antenna 

10 RX1, RX2 reception antenna 

101, 105 synchronization subsymbol generating section 

102, 104, 502, 504 data modulating section 

103 propagation coefficient estimation symbol 
generating section 
15 106, 107 multiplexer 

108, 110 orthogonal modulation section 
109 transmission local oscillator 
112 reception local oscillator 
111, 113 orthogonal demodulation section 
20 114 to 117 synchronization subsymbol correlation 

section 

118, 119, 203 weighted-averaging section 

120, 121 frequency correcting section 

122, 322, 522 inverse propagation function estimating 

25 section 
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section 



section 



123, 124 data demodulating section 

201, 202 synchronization symbol correlation section 

204, 205 frequency correcting section 

301 to 304 propagation coefficient rough estimation 

401, 402 reception level determining section 
403, 404 selection combination section 

5021, 5041 data carrier mapping section 

5022, 5042 pilot carrier generating section 

5023, 5043 orthogonal multiplexing section 
5221, 5222 orthogonal separation section 

5223 propagation path characteristics estimating 



5224 to 5227 PC extracting section 

5228 to 5231 propagation path coefficient rough 
estimation section 

5232 propagation path characteristics updating 

section 

5233 inverse propagation path function calculating 

section 

5234 channel separating section 



BEST MODE FOR CARRYING OUT THE INVENTION 
[0037] (First embodiment) 

FIG. 1 is a block diagram illustrating an exemplary 
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structure of a transfer apparatus according to a first embodiment 
of the present invention. Here, the transfer apparatus has two 
transmission antennas and two reception antennas (i.e. , a 2x2 MIMO 
structure) . 

5 [0038] In FIG. 1, the transfer apparatus of the first embodiment 

of the present invention is composed of a transmission apparatus 
and a reception apparatus. The transmission apparatus comprises 
transmission antennas TX1 and TX2 , synchronization subsymbol 
generating sections 101 and 105, data modulating sections 102 and 

10 104, a propagation coefficient estimation symbol generating 
section 103, multiplexers 106 and 107, orthogonal modulation 
sections 108 and 109, and a transmission local oscillator 109. 
The reception apparatus comprises reception antennas RXl and RX2, 
orthogonal demodulation sections 111 and 113 , a reception local 

15 oscillator 112, synchronization subsymbol correlation sections 
114 to 117, weighted-averaging sections 118 and 119, frequency 
correcting sections 120 and 121, an inverse propagation function 
estimating section 122, and data demodulating sections 123 and 
124 . 

20 [0039] In the transmission apparatus, the transmission 

antennas TX1 and TX2 are antennas for transmitting radio signals. 
The synchronization subsymbol generating sections 101 and 105 
generate synchronization subsymbols Stx which are different among 
the transmission antennas. The data modulating sections 102 and 

25 104 modulate data sequences which are different among the 



22 

transmission antennas, and output the results as data symbol 
sequences. The propagation coefficient estimation symbol 
generating section 103 generates a symbol for estimating an inverse 
function of a propagation coefficient (hereinafter referred to 
5 as a propagation coefficient estimation symbol Sref ) . The 
multiplexers 106 and 107 multiplex the synchronization subsymbols 
Stx, the propagation coefficient estimation symbol Sref, and the 
data symbol sequences, and output the results as transfer frames. 
The transmission local oscillator 109 is an oscillator for holding 
10 synchronization between the multiplexer 106 and the multiplexer 
107. 

[0040] In the reception apparatus, the reception antennas RX1 
and RX2 are antennas for receiving radio signals. The orthogonal 
demodulation sections 111 and 113 demodulate the radio signals 

15 received via the reception antennas and output the results as 
received signals. The reception local oscillator 112 is an 
oscillator for holding synchronization between the orthogonal 
demodulation section 111 and the orthogonal demodulation section 
113. The synchronization subsymbol correlation sections 114 to 

20 117 obtain correlations between the received signals and the 
synchronization subsymbols Stx to estimate frequency errors for 
respective transfer path. The weighted-averaging sections 118 
and 119 calculate weighted averages of the frequency errors of 
the respective transfer paths to calculate frequency correction 

25 values for the respective reception antennas . The frequency 
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correcting sections 120 and 121 correct frequencies of the received 
signals based on the calculated frequency correction values. The 
inverse propagation function estimating section 122 separates data 
sequences transmitted by the transmission antenna from the received 
5 signals based on the propagation coefficient estimation symbols 
Sref contained in the frequency-corrected received signals. The 
data demodulating sections 123 and 124 demodulate the data 
sequences separated by the inverse propagation function estimating 
section 122. 

10 [0041] Hereinafter, operations of the transmission apparatus 
and the reception apparatus included in the transfer apparatus 
of the first embodiment will be described. 

[Operation of transmission apparatus] 

In the transmission apparatus, the synchronization 
15 subsymbol generating sections 101 and 105 generate the 
synchronization subsymbols Stx which are different among the 
transmission antennas. Specifically, the the synchronization 
subsymbol generating section 101 generates a synchronization 
subsymbol Stxl for the transmission antenna TX1 . The 
20 synchronization subsymbol generating section 105 generates a 
synchronization subsymbol Stx2 for the transmission antenna TX2 . 
FIG. 2 is a diagram for explaining the synchronization subsymbols 
Stxl and Stx2 . 

[0042] Referring to FIG. 2, the synchronization subsymbols Stxl 
25 and Stx2 are composed of predetermined subcarriers extracted from 
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a plurality of subcarriers contained in a synchronization symbol 
Ssync . The synchronization symbol Ssync is composed of a plurality 
of subcarriers which are spaced at predetermined subcarrier 
frequency intervals and are othogonal to each other. A 
5 predetermined amplitude and phase are assigned to each subcarrier . 
The synchronization symbol Ssync has a property that, when these 
subcarriers are orthogonally multiplexed by Fourier transform or 
the like to be transformed into a signal represented on a time 
axis, a repeating waveform appears in temporal cycles which are 
10 an inverse of the above-described predetermined frequency 
interval . 

[0043] The synchronization subsymbol generating sections 101 
and 105 divide a plurality of subcarriers constituting the 
synchronization symbol Ssync into groups the number of which is 

15 the transmission antenna number N. For example, the 

synchronization subsymbol generating section 101 assigns 
even-numbered subcarriers as symbols to be transmitted from the 
transmission antenna TX1, which are in turn subjected to orthogonal 
multiplexing by Fourier transform or the like, to generate the 

20 synchronization subsymbol Stxl. The synchronization subsymbol 
generating section 105 assigns odd-numbered subcarriers as symbols 
to be transmitted from the transmission antenna TX2, which are 
in turn subjected to orthogonal multiplexing by Fourier transform 
or the like, to generate the synchronization subsymbol Stx2 . The 

25 synchronization subsymbols Stxl and Stx2 are different from each 
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other in the positions of the subcarriers, and are orthogonal in 
the frequency domain. Therefore, even if the synchronization 
subsymbols Stxl and Stx2 are multiplexed in space, they can be 
easily separated. Also in the synchronization subsymbols Stxl 
5 and Stx2, a repeating waveform appears in temporal cycles which 
are an inverse of the above-described predetermined frequency 
interval. Therefore, the reception apparatus can estimate a 
carrier frequency error based on the repeating waveform. 
[0044] The data modulating section 102 modulates data to be 

10 transmitted from the transmission antenna TX1 (hereinafter 
referred to as a data sequence 1) to output a data symbol sequence 
1. The data modulating section 104 modulates a data sequence to 
be transmitted from the transmission antenna TX2 (hereinafter 
referred to as a data sequence 2) to output a data symbol sequence 

15 2. 

[0045] The propagation coefficient estimation symbol 
generating section 103 generates propagation coefficient 
estimation symbols Sref . The propagation coefficient estimation 
symbols Sref are symbols which are orthogonal between transmission 

20 antennas in order to estimate a propagation coefficient inverse 
function for each transfer path. When the symbol transmitted from 
the transmission antenna TX1 is represented by Sref 1 and the symbol 
transmitted by the transmission antenna TX2 is represented by Sref 2 , 
the propagation coefficient estimation symbol generating section 

25 103 outputs Sref as Srefl and no symbol as Sref2 at, for example, 
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a certain time Tl. The propagation coefficient estimation symbol 
generating section 103 outputs no symbol as Sref 1 and Sref as Sref 2 
at another time T2 . Thereby, the propagation coefficient 
estimation symbol generating section 103 can cause Sref 1 and Sref 2 
5 to be temporally orthogonal to each other. 

[0046] The data symbol sequence 1, the propagation coefficient 
estimation symbol Srefl, and the synchronization subsymbol Stxl 
are input to the multiplexer 106. The data symbol sequence 2, 
the propagation coefficient estimation symbol Sref2, and the 

10 synchronization subsymbol Stx2 are input to the multiplexer 107. 
The multiplexer 106 multiplexes the received data symbol sequence 
1, propagation coefficient estimation symbol Srefl, and 
synchronization subsymbol Stxl to generate a transfer frame Fl . 
Similarly, themultiplexer 107 multiplexes the receiveddata symbol 

15 sequence 2, propagation coefficient estimation symbol Sref2, and 
synchronization subsymbol Stx2 to generate a transfer frame F2 . 
FIG. 3 is a diagram illustrating exemplary transfer frames 
generated by the multiplexers 106 and 107. Referring to FIG. 3, 
in the transfer frames, the synchronization subsymbol Stx and the 

20 propagation coefficient estimation symbol Sref are inserted before 
the data symbol sequence. 

[0047] The transfer frame Fl is converted into a radio signal 

by the orthogonal modulation section 108 and the transmission local 
oscillator 109. The transfer frame 2 is converted into a radio 
25 signal by the orthogonal modulation section 110 and the 



transmission local oscillator 108. The transfer frame Fl and the 
transfer frame F2 which have been converted into radio signals 
are simultaneously transmitted from the transmission antenna TX1 
and the transmission antenna TX2 . 

[0048] Although the synchronization subsymbol Stx and the 
propagation coefficient estimation symbol Sref are inserted before 
the data symbol sequence in the transfer frame in FIG. 3, either 
or both of the synchronization subsymbol Stx and the transmission 
coefficient estimation symbol Sref may be inserted in the data 
symbol sequence at predetermined intervals. FIG. 4 is a diagram 
illustrating exemplary transfer frames in which both Stx and Sref 
are inserted in the data symbol sequence. With such a transfer 
frame, even when temporal variation occurs in propagation 
characteristics, the transfer apparatus can follow the temporal 
variation by reestimating the propagation characteristics using 
these symbols inserted at the predetermined intervals. Thereby, 
the transfer apparatus can suppress a degradation in reception 
characteristics even when temporal variation occurs in the 
propagation characteristics . 

[0049] The transmission apparatus may employ transmission 
local oscillators which are different among the transmission 
antennas. FIG. 5 is a block diagram illustrating an exemplary 
structure of a transfer apparatus which employs local oscillators 
which are different among transmission antennas. Referring to 
FIG. 5, the transmission apparatus comprises a local oscillator 
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109a for the transmission antenna TX1 and a local oscillator 109b 
for the transmission antenna TX2 . Such a transmission apparatus 
can have a degree of freedom of arrangement of transmission antennas . 
The transfer apparatus including such a transmission apparatus 
5 can reduce a correlation between transfer paths by some arrangement 
of the transmission antennas, thereby making it possible to 
effectively performing space multiplexing. In addition, using 
a single transmission local oscillator, not only high-frequency 
parts specialized for MIMO which perform transmission from a 
10 plurality of antennas, but also general high-frequency parts , can 
be used. 

[0050] [Operation of reception apparatus] 

Radio signals simultaneously transmitted from the 
transmission antennas TX1 and TX2 are received via a plurality 

15 of space paths by the reception antennas RX1 and RX2 . A signal 
received by the reception antenna RX1 (hereinafter referred to 
as a received signal Rl) is demodulated by the orthogonal 
demodulation section 111 and the reception local oscillator 112, 
and is then input into the synchronization subsymbol correlation 

20 sections 114 and 115 and the frequency correcting section 120. 
Similarly, a signal received by the reception antenna RX2 
(hereinafter referred to as a received signal R2) is demodulated 
by the orthogonal demodulation section 113 and the reception local 
oscillator 112, and is then input to the synchronization subsymbol 

25 correlation sections 116 and 117 and the frequency correcting 
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section 121. 

[0051] Here, a transfer path between the transmission antenna 
TXi and the reception antenna RXj is represented by p(i, j ) , and 
a propagation coefficient possessed by the transfer path p(i, j) 
5 is represented by h(i, j). In this case, a synchronization 
subsymbol received by the reception antenna RXi can be represented 
by h(l, l)Stxl + h(2, l)Stx2, since the transmission antenna TXI 
transmits the synchronization subsymbol Stxl and the transmission 
antenna TX2 transmits the synchronization subsymbol Stx2, where 
10 i is a transmission antenna number and j is a reception antenna 
number . 

[0052] Specifically, since Stxl and Stx2 are orthogonal to each 
other, when a correlation is calculated between a received signal 
of RXI and Stxl, the terms of Stx2 are zero, and therefore, based 

15 on Stxl, the synchronization subsymbol correlation section 114 
can estimate information about the transfer path p(l, 1) . 
Similarly, when a correlation is calculated between the received 
signal and Stx2, the terms of Stxl are zero, and therefore, based 
on Stx2, the synchronization subsymbol correlation section 115 

20 can estimate information about the transfer path p(2, 1). 

[0053] FIG. 6 is a diagram for explaining detailed operations 
of the synchronization subsymbol correlation sections 114 and 115 . 
Referring to FIGS . 6(a) and (b) , in the synchronization subsymbols 
Stxl and Stx2 transmitted from TXI and TX2, a repeating waveform 

25 having a predetermined cycle appears as described above. In FIG. 
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6(c), a received signal of the reception antenna RX1 is illustrated 
(hereinafter referred to as an RX1 received signal) . The 
synchronization subsymbol correlation sections 114 and 115 
calculate a complex correlation between the repeating waveforms 
5 of the synchronization subsymbols Stxl and Stx2 and the RX1 received 
signal. Referring to FIG. 6(d), in a correlation value between 
the RX1 received signal and Stxl (hereinafter referred to as an 
Stxl correlation value) , a peak of the complex correlation value 
appears at timing that the RX1 received signal matchs the repeating 

10 waveform of Stxl . Referring to FIG . 6(e), when a carrier frequency 
error occurs, the phase of the correlation value changes every 
correlation peak timing, and therefore, based on the amount of 
the change, the synchronization subsymbol correlation section 114 
can estimate a carrier frequency error which occurs in the transfer 

15 path p(l, 1) . 

[0054] Referring to FIGS. 6(f) and (g) , in a similar manner, 
the synchronization subsymbol correlation section 115 estimates 
a carrier frequency error which occurs in the transfer path p(l, 
2) . In a similar manner, the synchronization subsymbol 

20 correlation sections 116 and 117 also calculate complex 
correlations between the repeating waveforms of the 
synchronization subsymbols Stxl and Stx2 and the received signal 
R2 to estimate carrier frequency errors which occur in the transfer 
paths p(l, 2) and p(2, 2). 

25 [0055] The synchronization subsymbol correlation sections 114 
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to 117 can calculate an Stx correlation value by cross-correlation 
calculation between the repeating waveform of Stx and the received 
signal. Alternatively, the synchronization subsymbol 

correlation sections 114 to 117 may extract some subcarriers 
5 included in Stx using a single- frequency DFT, and based on an average 
of phase changes in the extracted subcarriers, calculate the Stx 
correlation value. In such a case, the transmission apparatus 
repeatedly transmits Stx, and in the reception apparatus, the 
synchronization subsymbol correlation sections 114 to 117 

10 calculate the correlations of the repeating waveform. If 
correlation peaks of the repeating waveform can be detected at 
predetermined intervals with a predetermined number of times, the 
synchronization subsymbol correlation sections 114 to 117 may 
calculate a correlation of an Stx length with respect to an Stx 

15 sequence subsequently received. The synchronization subsymbol 
correlation sections 114 to 117 can detect a phase difference 
between the transmitter and the receiver with higher precision 
by elongating such a correlation calculation time period. 
[0056] The carrier frequency errors for the respective transfer 

20 paths obtained by the synchronization subsymbol correlation 
sections 114 to 117 are input to the weighted-averaging sections 
118 and 119. The weighted-averaging section 118 

weighted-averages the carrier frequency errors of the transfer 
paths p (1, 1) andp(2, 1) to calculate a frequency correction value 

25 with respect to the reception antenna RX1 . Similarly, the 
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weighted-averaging section 119 weighted-averages the carrier 
frequency errors of the transfer paths p(l, 2) and p(2, 2) to 
calculate a frequency correction value with respect to the 
reception antenna RX2 . 
5 [0057] The weighted-averaging sections 118 and 119 apply a 
weight in proportion to a correlation amount of each 
synchronization subsymbol Stx. Alternatively, the 

subsequent-stage data demodulating sections 123 and 124 may 
calculate a reception error rate for each transmission antenna. 

10 Based on the error rate, the weighted-averaging sections 118 and 
119 apply a smaller weight to a signal received via a transfer 
path having frequent errors (i.e., a poor propagation path). 
[0058] When synchronization subsymbols are inserted at 
predetermined intervals in a transfer frame (see FIG. 4), the 

15 weighted-averaging sections 118 and 119 may average a carrier 
frequency error previously estimated and a carrier frequency error 
estimated from a current synchronization subsymbol. Such a 
transfer apparatus can follow a temporal variation in carrier 
frequency error while suppressing a significant variation in 

20 frequency correction value due to an estimation error caused by 
noise or the like, thereby making it possible to improve the 
precision of estimation of an inverse propagation coefficient 
function . 

[0059] Based on the frequency correction value for each 

25 reception antenna calculated by the weighted-averaging sections 
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118 and 119, the frequency correcting sections 120 and 121 correct 
frequencies of the received signals Rl and R2 . The inverse 
propagation function estimating section 122 extracts the 
propagation coefficient estimation symbols Sref from the 
frequency-corrected received signals Rl and R2, and estimates an 
inverse propagation coefficient function for each transfer path 
to perform equalization which cancels an interference component, 
thereby separating data symbol sequences transmitted from the 
transmission antennas TX1 and TX2 . Specifically, data 
transmitted from the transmission antenna TX1 is separated as a 
data symbol sequence 1. Data transmitted from the transmission 
antenna TX2 is separated as a data symbol sequence 2 . The separated 
data symbol sequence 1 is demodulated into a data sequence 1 in 
the data demodulating section 123. Similarly, the separated data 
symbol sequence 2 is demodulated into a data sequence 2 in the 
data demodulating section 124. 

[0060] Note that the reception apparatus detects a propagation 
delay occurring in each transfer path from correlation peak timings 
obtained in the synchronization subsymbol correlation sections 
114 to 117, thereby making it possible to establish rough frame 
synchronization. The reception apparatus weighted-averages 
these correlation peak timings, depending on their correlation 
amounts, and based on the result , generates symbol timings , thereby 
making it possible to suppress intersymbol interference during 
extraction of Sref in the inverse propagation function estimating 



34 



section 122. 

[0061] The reception apparatus may employ reception local 
oscillators which are different among the reception antennas . By 
using a plurality of reception local oscillators, the reception 
5 apparatus can have a degree of freedom of arrangement of the 
reception antennas. In a transfer apparatus including such a 
reception apparatus, a correlation between transfer paths can be 
reduced by some arrangement of the reception antennas, thereby 
making it possible to effectively perform space multiplexing. In 
10 addition, using a single reception local oscillator, not only 
high-frequency parts specialized for MIMO which perform reception 
from a plurality of antennas, but also general high-frequency parts , 
can be used. 

[0062] As described above, according to the transmission 
15 apparatus of the first embodiment of the present invention, a 
synchronization symbol in which predetermined amplitudes and 
phases are assigned to a plurality of subcarriers spaced at 
predetermined frequency intervals are divided into a plurality 
of transmission antennas, thereby making it possible to 
20 simultaneously transmit a plurality of synchronization subsymbols 
which are orthogonal to each other, from a plurality of transmission 
antennas. According to the reception apparatus, by calculating 
a correlation between a synchronization subsymbol included in a 
received signal and the received signal, it is possible to estimate 
25 a carrier frequency error and a propagation delay occurring in 



35 

each transfer path. Thereby, the transfer apparatus 

weighted-averages these estimated errors for each reception 
antenna to correct a received signal, thereby improving the 
precision of estimation of an inverse propagation coefficient 
5 function. 

[0063] (Second embodiment) 

A transfer apparatus according to a second embodiment 
is different from that of the first embodiment (see FIG. 1) in 
a structure of the reception apparatus . In the transfer apparatus 

10 of the first embodiment, when there is a large frequency error 
between the transmission local oscillator 109 and the reception 
local oscillator 112, there is a possibility that the 
synchronization subsymbol correlation sections 114 to 117 cannot 
correctly calculate correlations. Particularly, when 

15 single-frequency DFT is used for the correlation calculation, the 
synchronization subsymbol correlation sections 114 to 117 cannot 
correctly extract subcarriers if a deviation corresponding to 1/2 
or more of a frequency bin interval of Fourier transform occurs 
in a frequency error. Therefore, the reception apparatus of the 

20 second embodiment corrects in advance an average frequency error 
between the transmission and reception local oscillators. 
[0064] FIG. 7 is a block diagram illustrating an exemplary 

structure of the reception apparatus of the second embodiment of 
the present invention. In the second embodiment, the same 

25 constituents as those of the first embodiment are indicated with 
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the same reference characters and will not be explained. In FIG. 
7, the reception apparatus of the second embodiment is different 
from that of the first embodiment in that synchronization symbol 
correlation sections 201 and 202, a weighted-averaging section 
5 203, and frequency correcting section 204 and 205 are further 
included in the reception apparatus of the second embodiment. 
[0065] The synchronization symbol correlation section 201 
combines synchronization subsymbols Stxl and Stx2 included in 
signals received by the reception antenna RX1 to generate a 
10 synchronization symbol Ssync. The synchronization symbol Ssync 
has a repeating waveform having a predetermined cycle as described, 
above . Therefore, the synchronization symbol correlation section 

201 can calculate an average frequency error occurring in the 
reception antenna RX1 from correlations between the received 

15 signals and the repeating waveform of the synchronization symbol 
Ssync . Similarly, the synchronization symbol correlation section 

202 can calculate an average frequency error occurring in the 
reception antenna RX2 . 

[0066] The weighted-averaging section 203 weighted-averages 
20 the frequency errors of the reception antennas calculated by the 
synchronization symbol correlation sections 201 and 202, to obtain 
a frequency correction value with respect to the received signals. 
In this case, the weighted-averaging section 203 may apply a weight 
in proportion to a correlation amount of each synchronization 
25 symbol Ssync. Alternatively, the weighted-averaging section 203 
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may apply a weight in proportion to a level of the signal received 
by each reception antenna. 

[0067] The frequency correcting sections 204 and 205 correct 
a frequency of the received signal for each reception antenna to 
5 cancel a frequency error between the transmission and reception 
local oscillators, based on the frequency correction value obtained 
in the weighted-averaging section 203. 

[0068] Although the same transfer frame as that of the first 
embodiment (see FIG. 3) is used in the transfer apparatus of the 

10 second embodiment, a transfer frame in which the synchronization 
symbol Ssync may be inserted in advance before the synchronization 
subsymbol Stx may be used. FIG. 8 is a diagram illustrating an 
exemplary transfer frame in which the synchronization symbol Ssync 
is inserted. By using such a transfer frame, the transfer apparatus 

15 of the second embodiment can transmit all subcarriers included 
in the synchronization symbol Ssync from a plurality of antennas. 
Thereby, the transfer apparatus can detect a correlation of the 
synchronization symbol Ssync with high precision even if a 
reception level is low in a certain transfer path. 

20 [0069] As described above, according to the reception apparatus 
of the second embodiment of the present invention, an average 
frequency error with respect to a plurality of reception antennas 
can be estimated by calculation of a correlation between a received 
signal and a synchronization symbol Ssync which are received by 

25 each reception antenna. Thereby, the transfer apparatus can 
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cancel a frequency error between transmission and reception local 
oscillators, thereby making it possible to more correctly perform 
subsequent -stage synchronization subsymbol correlation 
calculation . 
5 [0070] (Third embodiment) 

FIG. 9 is a block diagram illustrating an exemplary 
structure of a transfer apparatus according to a third embodiment 
of the present invention. In the third embodiment, the same 
constituents as those of the first embodiment are indicated with 

10 the same reference characters and will not be explained. The 
transfer apparatus of the third embodiment is different from that 
of the first embodiment (see FIG. 1) in that a structure of the 
reception apparatus. In FIG. 9, the reception apparatus of the 
third embodiment comprises reception antennas RX1 and RX2, 

15 orthogonal demodulation sections 111 and 113 , a reception local 
oscillator 112, synchronization subsymbol correlation sections 
114 to 117, propagation coefficient rough estimation sections 301 
to 304, an inverse propagation function estimating section 322, 
and data demodulating sections 123 and 124. 

20 [0071] The synchronization subsymbol correlation sections 114 
to 117 can estimate information about each transfer path from a 
correlation between a received signal and a synchronization 
subsymbol Stx as described above. The synchronization subsymbol 
correlation sections 114 to 117 can obtain a phase and an amplitude 

25 of each subcarrier , when a subcarrier included in a synchronization 
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subsymbol is extracted by single-frequency DFT or the like. 
[0072] FIG. 10 is a diagram for explaining operations of the 
propagation coefficient rough estimation sections 301 to 304. 
Note that, in FIG . 10 (a) , a thin arrow indicates a space-multiplexed 
5 subcarrier of an OFDM-modulated data symbol sequence (i.e., a data 
carrier) . The synchronization subsymbol correlation section 114 
extracts only subcarriers included in Stxl from a received signal 
of RX1 (see FIG. 10(a) ) , and calculates a phase and an amplitude 
of each extracted subcarrier. The propagation coefficient rough 

10 estimation section 301 interpolates phase-amplitude 
characteristics between adjacent subcarriers based on the phases 
and amplitudes of subcarriers included in Stxl, thereby making 
it possible to roughly estimate frequency characteristics of the 
transfer path p(l, 1) (see FIG. 10(b)). 

15 [0073] Similarly, the propagation coefficient rough 
estimation section 302 interpolates phase-amplitude 
characteristics between adjacent subcarriers based on the phases 
and amplitudes of subcarriers included in Stx2, thereby making 
it possible to roughly estimate frequency characteristics of the 

20 transfer path p(2, 1) (see FIG. 10(c)). 

[0074] A data carrier received by the reception apparatus (see 
FIG. 10 (a) ) has a combination of the characteristics of these two 
transfer paths p(l, 1) and p(2, 1). Thereby, the propagation 
coefficient rough estimation sections 301to304 roughly calculate , 

25 in advance, the frequency characteristics of the transfer paths 
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using the synchronization subsymbol Stx. The inverse propagation 
function estimating section 322 more precisely estimates a 
propagation coefficient inverse function based on the rough 
frequency characteristics . 
5 [0075] As described above, according to the reception apparatus 
of the third embodiment of the present invention, it is possible 
to use the synchronization subsymbol Stx to roughly estimate the 
frequency characteristics of each transfer path in advance. 
Thereby, the transfer apparatus can improve the precision of 
10 subsequent-stage estimation of an inverse propagation coefficient 
function . 

[0076] Note that the technique of using the propagation 
coefficient rough estimation sections 301 to 304 described in the 
third embodiment can be combined with the first to second 

15 embodiments. 

[0077] (Fourth embodiment) 

A transfer apparatus according to a fourth embodiment 
is different from that of the first embodiment (see FIG. 1) in 
a structure of the reception apparatus . In the reception apparatus 

20 of the first embodiment, in the frequency selective fading 
environment , the reception level of a specific subcarrier decreases , 
resulting in a possibility that a correlation is not correctly 
calculated in the synchronization subsymbol correlation sections 
114 to 117. Particularly, in the case of a synchronization 

2 5 subsymbol in which the number of subcarriers is small , the influence 
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is significant when the reception level of a certain subcarrier 
decreases. Therefore, in the reception apparatus of the fourth 
embodiment, a plurality of reception antennas are provided for 
each reception system, thereby reducing an influence of frequency 
5 selective fading by means of reception diversity. 

[0078] FIG. 11 is a block diagram illustrating an exemplary 
structure of a reception apparatus according to a fourth embodiment 
of the present invention. In the fourth embodiment, the same 
constituents as those of the first embodiment are indicated with 

10 the same reference characters and will not be explained. 

[0079] In FIG. 11, the reception apparatus of the fourth 

embodiment is different from that of the first embodiment in that 
the reception apparatus of the fourth embodiment comprises 
reception antennas RX1-1 , RX1-2, RX2-1, andRX2-2, reception level 

15 determining sections 401 and 402, and selection combination 
sections 403 and 404, in place of the reception antennas RX1 and 
RX2. 

[0080] In the reception apparatus, the reception antennas RX1-1 
and RX1-2 are a plurality of antennas provided in a reception system 

20 1 . The reception level determining section 401 compares reception 
levels of received signals of the plurality of reception antennas . 
The selection combination section 403 selects or combines the 
received signals of the plurality of antennas based on the 
comparison result of the reception level determining section 401. 

25 For example, the selection combination section 403 selects the 
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received signal of RX1-1 when the reception level of RX1-1 is higher 
than the reception level of RX1-2. Alternatively, the selection 
combination section 403 may combine a received signal based on 
a ratio of the reception level of RX1-1 to the reception level 
5 of RX1-2. Alternatively, the selection combination section 403 
may select one of the received signals in which a subcarrier included 
in a synchronization subsymbol has a level which is not larger 
than or equal to a predetermined level, based on output results 
of the synchronization subsymbol correlation sections 114 and 115 . 
10 [0081] Also in a reception system 2, the reception level 
determining section 402 and the selection combination section 404 
select or combine received signals of the plurality of reception 
antennas RX2-1 and RX2-2. 

[0082] Note that the reception apparatus of the fourth 
15 embodiment may collectively comprise reception antennas the number 
of which is larger than the number of reception systems instead 
of comprising a plurality of antennas for each reception system. 
FIG. 12 is a block diagram illustrating an exemplary structure 
of the reception apparatus which collectively comprises reception 
20 antennas the number of which is larger than the number of reception 
systems. Referring to FIG. 12, the reception apparatus compares 
reception levels of the plurality of reception antennas to select 
or combine received signals, thereby making it possible to extract 
received signals corresponding to the number of reception systems . 
25 [0083] As described above, according to the reception apparatus 
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of the fourth embodiment of the present invention, even when the 
reception level of a specific subcarrier decreases in the frequency 
selective fading environment, the correlation of a synchronization 
subsymbol can be correctly calculated by the reception diversity 
5 effect caused by selection or combination of a plurality of 
reception antennas. Thereby, the transfer apparatus can more 
correctly correct a carrier frequency error in each transfer path, 
thereby improving the precision of estimation of an inverse 
propagation coefficient function. 

10 [0084] Note that the method of providing a plurality of 
reception antennas for each reception system, which is described 
in the fourth embodiment, can be combined with the first, second, 
and third embodiments. 
[0085] (Fifth embodiment) 

15 FIG. 13 is a block diagram illustrating an exemplary 

structure of a transfer apparatus according to a fifth embodiment 
of the present invention. In FIG. 13, the transfer apparatus of 
the fifth embodiment of the present invention is different from 
that of the first embodiment (see FIG. 1) in data modulating sections 

20 502 and 504 and an inverse propagation function estimating section 
522 . FIG. 14 is a block diagram illustrating exemplary structures 
of the data modulating sections 502 and 504 of the fifth embodiment 
of the present invention. FIG. 15 is a block diagram illustrating 
an exemplary structure of the inverse propagation function 

25 estimating section 522 of the fifth embodiment of the present 
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invention . 

[0086] In FIG. 14, the data modulating section 502 comprises 
a data carrier mapping section 5021, a pilot carrier-1 generating 
section 5022, and an orthogonal multiplexing section 5023. The 
5 data modulating section 504 comprises a data carrier mapping 
section 5041, a pilot carrier-2 generating section 5042, and an 
orthogonal multiplexing section 5043. 

[ 008 7 ] The data modulating section 502 modulates a data sequence 
1 to generate a data symbol sequence 1 in a manner similar to that 

10 of the first embodiment. The data symbol sequence 1 is an OFDM 
symbol obtained by subjecting a plurality of subcarriers to 
orthogonal multiplexing on a frequency axis. Hereinafter, an 
operation of the data modulating section 502 which is different 
from that of the first embodiment will be described. The data 

15 modulating section 502 assigns a known phase and amplitude to 
predetermined subcarriers included in a plurality of subcarriers 
included in the data symbol sequence 1 to generate pilot carriers. 
The data modulating section 502 assigns phases and amplitudes to 
subcarriers other than the pilot carriers based on the data sequence 

20 1 to generate data carriers. 

[0088] In the data modulating section 502, the data carrier 
mapping section 5021 maps phases and amplitudes to data carriers 
based on the input data sequence 1. In this case, as a mapping 
rule, PSK, QAM, or the like is used . The pilot carrier-1 generating 

25 section 5022 assigns predetermined phases and amplitudes to 
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predetermined subcarriers as pilot carriers. A plurality of 
subcarriers output from the data carrier mapping section 5021 and 
the pilot carrier-1 generating section 5022 are input to the 
orthogonal multiplexing section 5023. The orthogonal 

5 multiplexing section 5023 subjects the plurality of subcarriers 
to orthogonal multiplexing to generate a time-axis waveform of 
data symbols (i.e., the data symbol sequence 1) . Note that, as 
orthogonal multiplexing, inverse Fourier transform, inverse 
wavelet transform, inverse discrete cosine transform, or the like 
10 is used. 

[0089] In the data modulating section 504, a data symbol 

sequence 2 is generated in a manner similar to that of the data 
modulating section 502. 

[0090] FIG. 16 is a diagram illustrating exemplary data symbol 

15 sequences generated by the data modulating sections 502 and 504. 
In FIG. 16, each data symbol sequence is composed of four data 
symbols, and each data symbol is composed of eight subcarriers. 
Note that these numbers can be arbitrarily extended. 
[0091] In FIG. 16, the first stage and the fourth stage indicate 

20 arrangements on a time axis of respective data symbol sequences. 
The data symbol sequence 1 transmitted from the transmission 
antenna TX1 is composed of four data symbols Dl-1, Dl-2, Dl-3, 
and Dl-4 . Similarly, the data symbol sequence 2 transmitted from 
the transmission antenna TX2 is composed of four data symbols D2-1, 
25 D2-2, D2-3, and D2-4 . These data symbol sequences are 
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simultaneously transmitted from the respective antennas. 
Specifically, for the data symbol sequences, the data symbols Dl-1 
and D2-1 are simultaneously transmitted at a first time, the data 
symbols Dl-2 and D2-2 are simultaneously transmitted at a second 
5 time, and so on. 

[0092] On the other hand, in FIG. 16, the second stage and the 
third stage indicate arrangements on a frequency axis of respective 
data symbols. Each data symbol is composed of eight subcarriers 
C-4, C-3, C-2, C-l, C+l, C+2, C+3, andC+4. Among arrows indicating 
10 subcarriers, a solid line indicates a data carrier, and a dashed 
line indicates a pilot carrier. The absence of an arrow at a 
subcarrier position indicates a null carrier having an amplitude 
of 0. 

[0093] The data modulating section 502 assigns pilot carriers 
15 to the subcarrier numbers C-l and C+4 of the data symbols Dl-1 
and D2-1 which are to be transmitted at the first time. In this 
case, a predetermined phase and an amplitude larger than 0 are 
assigned to the pilot carrier of Dl-1. On the other hand, a null 
carrier having an amplitude of 0 is assigned to the pilot carrier 
20 of D2-1. Thereby, in the data symbols Dl-1 and D2-1 which are 
to be transmitted at the first time, the subcarrier numbers C-l 
and C+4 are transmitted only from the transmission antenna TX1 . 
Thereby, in the reception apparatus, the subcarrier numbers C-l 
and C+4 of the data symbol which is received at the first time, 
25 it is possible to estimate a propagation coefficient (h(l, 1), 
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h(l, 2) ) between the transmission antenna TX1 and each reception 
antenna . 

[0094] Next, in the data symbols Dl-2 and D2-2 which are to 
be transmitted at the second time, pilot carriers are assigned 
5 to the same subcarrier numbers (C-l and C+4) as those of the pilot 
carrier transmitted at the first time . Note that, conversely with 
respect to those which were transmitted at the first time, a 
predetermined phase and an amplitude larger than 0 are assigned 
to the pilot carrier of D2-2, and a null carrier having an amplitude 

10 of 0 is assigned to the pilot carrier of Dl-2. Thereby, in the 
data symbols Dl-2 and D2-2 which are to be transmitted at the second 
time, the subcarrier numbers C-l and C+4 are transmitted only from 
the transmission antenna TX2 . Thereby, in the reception apparatus, 
the subcarrier numbers C-l and C+4 of the data symbols which are 

15 received at the second time are used, thereby making it possible 
to estimate a propagation coefficient (h(2, 1), h(2, 2)) between 
the transmission antenna TX2 and each reception antenna. 
[0095] Also in data symbols which are to be transmitted at third 
and fourth times, pilot carriers are assigned to the subcarrier 

20 numbers C-3 and C+2 . Specifically, in the data symbol which is 
to be transmitted at the third time, a predetermined phase and 
an amplitude larger than 0 are assigned to C-3 and C+2 of Dl-3, 
and a null carrier having an amplitude of 0 is assigned to C-3 
and C+2 of D2-3. In the data symbol which is to be transmitted 

25 at the fourth time, a null carrier having an amplitude of 0 is 
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assigned to C-3 and C+2 of Dl-4, and a predetermined phase and 
an amplitude larger than 0 are assigned to C-3 and C+2 of D2-4. 
Thereby, the reception apparatus can estimate h(l, 1) and h(l, 
2) from the data symbol received at the third time and h(2, 1) 
5 and h(2, 2) from the data symbol received at the fourth time. 
[0096] FIG. 17 is a diagram schematically illustrating time 

axis-vs-frequency axis arrangements of pilot carriers. FIG. 
17 (a) illustrates the data symbol sequence 1 transmitted from the 
transmission antenna TX1 . FIG . 17(b) illustrates the data symbol 

10 sequence 2 transmitted from the transmission antenna TX2 . Here, 
the horizontal axis indicates time (symbol number ) and the vertical 
axis indicates frequency (subcarrier number) . A quadrangle 
indicates a subcarrier, a white quadrangle indicates a data carrier, 
a gray quadrangle indicates a pilot carrier, and a quadrangle having 

15 x indicates a null carrier. 

[0097] At least two subcarriers (hereinafter referred to as 
a pilot subcarrier) to which a pilot carrier or a null carrier 
is assigned are assigned to one data symbol. In a plurality of 
data symbols which are to be simultaneously transmitted, a pilot 

20 carrier having a predetermined phase and an amplitude larger than 
0 is assigned to a pilot subcarrier of one of the data symbols, 
and a null carrier having an amplitude of 0 is assigned to a pilot 
subcarrier of another of the data symbols. More preferably, the 
assignment of the pilot carrier and the null carrier is switched 

25 for a data symbol to be transmitted at a next time. For example, 
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as illustrated in FIG. 17, in the data symbol sequence 1, the pilot 
carrier is transmitted in odd-numbered data symbols, and the null 
carrier is transmitted in even-numbered data symbols . On the other 
hand, in the data symbol sequence 2 transmitted at the same time, 
5 the null carrier is transmitted in odd-numbered data symbols, and 
the pilot carrier is transmitted in even-numbered data symbols. 
[0098] The same subcarrier number may be assigned to a pilot 
subcarrier in all data symbols. More preferably, the subcarrier 
number of the pilot subcarrier may be changed for each data symbol 

10 in accordance with a predetermined sequence. Thereby, even when 
the amplitude of a subcarrier is extremely decreased due to specific 
frequency selective fading, it is possible to reduce the 
probability that the amplitude of a received pilot carrier is 
extremely decreased. Therefore, the transfer apparatus can 

15 estimate a propagation coefficient with high precision. In FIG. 
17, the pilot subcarrier is changed every two data symbols. Here, 
it is assumed that two pilot subcarriers are assigned to one data 
symbol and the interval between the pilot subcarriers is constant. 
It is assumed that at least one pilot subcarrier is assigned to 

20 all subcarriers. More preferably, all subcarriers are divided 
at a pilot subcarrier position, and the next pilot subcarrier is 
assigned to a subcarrier which is located in the vicinity of a 
center of a band in which there are a number of subcarriers to 
which a pilot subcarrier is not assigned, and is at a distance 

25 from the pilot subcarrier of the previous symbol. 
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[0099] This assignment method will be specifically described 
with reference to FIG. 17 . Here, only the subcarrier numbers C+l, 
C+2, C+3, and C+4 will be described. In the first and second data 
symbols, C+3 is selected as a subcarrier in the vicinity of a center 
of the four subcarrier bands, and is used as a pilot subcarrier. 
Next, in the third and fourth data symbols, a subcarrier band is 
divided, at C+3, into two, i.e., a group of C+l and C+2, and C+4. 
Here, the group of C+l and C+2 is selected, and C+l is selected, 
which is at a distance from the pilot subcarrier of the previous 
symbol of the subcarriers in the vicinity of the center, and C+l 
is used as a pilot subcarrier. In the fifth and sixth data symbols, 
the subcarrier bands are divided with the previous pilot 
subcarriers C+3 and C+l into C+2 and C+4. Among them, C+4 is 
selected which is at a distance from the pilot subcarrier of the 
previous symbol, and is used as a pilot subcarrier. Finally, in 
the seventh and eighth data symbols, the remainder C+2 is used 
as a pilot subcarrier. This is repeatedly performed for the 
subsequent data symbols, and by the cycles, all subcarriers are 
assigned to pilot subcarriers. 

[0100] With such an assignment method, in each data symbol, 
pilot carriers are arranged so that a distance between a data carrier 
and a pilot carrier is short in terms of frequency or time. 
Therefore, when the propagation coefficients of all subcarriers 
are calculated by frequency-direction interpolation and 
time-direction interpolation, the precision can be improved. 
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Specifically, when a propagation path has a mild variation, the 
propagation path coefficient of a certain subcarrier has a high 
correlation with the propagation path coefficient of a subcarrier 
adjacent thereto in a frequency direction and a time direction. 
5 This is because a propagation path coefficient calculated by 
interpolation of propagation path coefficients estimated from 
subcarriers close in terms of frequency or time provides higher 
precision than that of a propagation path coefficient calculated 
by interpolation of propagation path coefficients estimated from 

10 a subcarrier distant in terms of frequency or time. 

[0101] Note that it is assumed that the pilot subcarrier 
assignment sequence is determined in advance, depending on the 
number of subcarriers, the number of pilot subcarriers, and the 
number of data symbols to be simultaneously transmitted, and is 

15 known in the transmission apparatus and the reception apparatus. 
[ 0102 ] The inverse propagation function estimating section 522 

which separates a data symbol sequence in which a pilot carrier 
is inserted, will be described with reference to FIG. 15. In FIG. 
15, the inverse propagation function estimating section 522 

20 comprises orthogonal separation sections 52.21 and 5222, a 
propagation path characteristics estimating section 5223, pilot 
carrier-1 extracting section 5224 and 5226, pilot carrier-2 
extracting sections 5225 and 5227, an hll rough estimation section 
5228, an h21 rough estimation section 5229, an hl2 rough estimation 

25 section 5230, an h22 rough estimation section 5231, a propagation 
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path characteristics updating section 52 32 , an inverse propagation 
path function calculating section 5233, and a channel separating 
section 5234 . 

[0103] A received symbol sequence for which a frequency error 
5 is estimated and corrected using a synchronization symbol as 
described in the first to fourth embodiments is input to the inverse 
propagation function estimating section 522. A symbol sequence 
received by the reception antenna RX1 is input to the orthogonal 
separation section 5221. A symbol sequence received by the 

10 reception antenna RX2 is input to the orthogonal separation section 
5222. The orthogonal separation sections 5221 and 5222 subject 
each symbol to orthogonal separation into subcarriers on a 
frequency axis. Note that, as orthogonal separation, Fourier 
transform, wavelet transform, discrete cosine transform, or the 

15 like can be used. 

[0104] Among the symbols separated into subcarriers, a 
propagation coefficient estimation symbol Sref is input to the 
propagation path characteristics estimating section 5223. The 
propagation path characteristics estimating section 5223 

20 estimates propagation path characteristics h(i, j) between each 
antenna from a correlation between a known propagation coefficient 
estimation symbol Sref and the received propagation coefficient 
estimation symbol Sref. The subsequent received data symbols are 
subjected to equalization in which the inverse propagation 

25 coefficient function of each transfer path is estimated and an 
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interference component is canceled, so that a data symbol sequence 
transmitted from each transmission antenna is separated. 
[0105] However, an estimated frequency value calculated using 
the above-described synchronization symbol includes an estimation 
5 error (residual frequency error) due to an influence of noise, 
phase noise, or the like. Therefore, in a received symbol sequence, 
phase rotation occurs due to the residual frequency error. When 
the residual frequency error is large, a larger phase difference 
occurs in a data symbol with an increase in a temporal distance 
10 from the propagation coefficient estimation symbol Sref. 
Therefore, in the reception apparatus, an error occurs in the 
estimation of an inverse propagation coefficient function, i.e., 
a reception error occurs. 

[0106] The above-described pilot carrier is used in order to 
15 correct such phase rotation caused by the residual frequency error . 
A received data symbol which has been received by RX1 and separated 
into subcarriers, is input to the pilot carrier-1 extracting 
section 522 4 and the pilot ca rrier-2 extracting section 522 5 . The 
pilot carrier-1 extracting section 5224 extracts a pilot carrier 
20 1. The pilot carrier-2 extracting section 5225 extracts a pilot 
carrier 2. Since the pilot carrier 1 is transmitted only from 
the transmission antenna TX1, propagation path characteristics 
h' (1, 1) between TX1 and RX1 for all subcarriers can be estimated 
by frequency- or time-direction interpolation based on a 
25 correlation between the received pilot carrier 1 and a known pilot 
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carrier 1. Similarly, since the pilot carrier 2 is transmitted 
only from the transmission antenna TX2, propagation path 
characteristics h' (2, 1) between TX2 and RX1 can be estimated. 
These are performed in the hll rough estimation section 5228 and 
5 the h21 rough estimation section 5229 . Similarly, on the reception 
antenna RX2 side, h' (2, 1) and h' (2, 2) are estimated from pilot 
carriers . 

[0107] The propagation coefficient h(i, j) estimated from the 
the propagation coefficient estimation symbol Sref and the 

10 propagation coefficient h' (i, j) estimated based on the pilot 
carrier in each data symbol are input to the propagation path 
characteristics updating section 1412. Since h(i, j) and h' (i, 
j) have a phase difference due to a residual frequency error or 
phase noise, and a phase difference and an amplitude phase due 

15 to a transfer path variation, h(i, j) is used as an initial value, 
and an error between h(i, j) and h' (i, j) is used to update a 
propagation coefficient h' ' (i, j), thereby making it possible to 
estimate the propagation coefficient of each transfer path with 
higher precision. 

20 [0108] The propagation coefficient h' ' (i, j) thus updated for 
each data symbol is input to the inverse propagation path function 
calculating section 5233, in which the inverse function is 
calculated. This inverse function is used in the channel 
separating section 5234 to separate the transmitted data symbol 

25 sequences 1 and 2 from the received data symbol sequence 1 which 



. .' 55 

has been received in RX1 and separated into subcarriers and the 
received data symbol sequence 2 which has been received in RX2 
and separated into subcarriers, followed by data demodulation. 
[0109] As described above, according to the transmission 
5 apparatus of the fifth embodiment of the present invention, a pilot 
carrier can be generated in a data symbol by the data modulating 
sections 502 and 504 assigning a known phase and amplitude to a 
predetermined subcarrier. In addition, according to the 
reception apparatus, even when a residual error is present in 

10 frequency estimation using a synchronization symbol, a pilot 
carrier of a data symbol is used to estimate a residual error for 
each transfer path and correct a propagation coefficient, thereby 
making it possible to improve the precision of estimation of an 
inverse propagation coefficient function. In addition, even when 

15 the reception level of a specific subcarrier decreases in the 
frequency selective fading environment, the probability that the 
reception level of a pilot carrier decreases can be reduced by 
successively assigning a pilot carrier to all subcarriers. In 
addition, by the above-described pilot subcarrier assignment 

20 method, the precision of interpolation of a propagation path 
estimation value for each subcarrier can be caused to be uniform. 
[0110] Note that the method of using the data modulating 
sections 502 and 504, and the inverse propagation function 
estimating section 522 which has been described in the fifth 

25 embodiment can be combined with the first to fourth embodiments. 
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[0111] The first to fifth embodiments have been described, 
assuming the case where the transmission apparatus and the 
reception apparatus are simultaneously used . The above-described 
transmission apparatus and reception apparatus can be used singly 
5 or in combination with other apparatuses. For example, the 
transmission apparatus may transmit a signal to not only the 
above-described reception apparatus but also other reception 
apparatuses . The reception apparatus may receive not only a signal 
transmitted from the above-described transmission apparatus but 
10 also other transmission apparatuses if the signal only has a matched 
format . 

[0112] Each of the processes performed by the transmission 
apparatus and the reception apparatus described in the first to 
fifth embodiments may be achieved by a CPU interpreting and 

15 executing a predetermined program data which can execute the 
above-described processes, the data being stored in a storage 
apparatus (a ROM, a RAM, a hard disk, etc.) . In this case, the 
program data may be introduced into the storage apparatus via a 
storage medium, or may be executed directly from the storage medium. 

2 0 Note that the storage medium refers to a semiconductor memory (e.g. , 
a ROM, a RAM, a flash memory, or the like) , a magnetic disk memory 
(e.g. , a flexible disk, a hard disk, or the like) , an optical disk 
memory (e.g., a CD-ROM, a DVD, a BD, etc.), a memory card, or the 
like. The storage medium also has a concept encompassing a 

25 telephone line, a transmission path, and the like. 



» 



57 



[0113] In addition, constitutions included in the transmission 
apparatus and the reception apparatus described in the first to 
fifth embodiments can be implemented as integrated circuits (LSI) . 
These may be implemented on respective separate chips, or 
5 alternatively, a part or the whole of each constitution may be 
implemented on a single chip. LSI may be called IC, system LSI, 
super LSI, or ultra LSI, depending on the packaging density. 

The integrated circuit is not limited to LSI. The 
integrated circuit may be achieved by a dedicated circuit or a 

10 general-purpose processor. Further, an FPGA ( Field Programmable 
Gate Array) which can be programmed after LSI production or a 
reconf igurable processor in which connection or settings of circuit 
cells in LSI can be reconfigured, may be used. Further, if an 
integrated circuit technology which replaces LSI is developed by 

15 an advance in the semiconductor technology or other technologies 
derived therefrom, functional blocks may be packaged using such 
a technology. A biotechnology may be applicable. 

INDUSTRIAL APPLICABILITY 
20 [0114] The data transmission method and the data reception 
method of the present invention can be applied to a transmission 
apparatus, a reception apparatus, and the like to which MIMO-OFDM 
is applied. 



